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Abstract 
In the PUREX process, the first U-Pu purification cycle (1CUPu) is not efficient enough for the decontamination 
of uranium flow out of neptunium. In this context, molecules known for their strong complexing power for 
actinides(IV) in aqueous phase, such as acetohydroxamic acid (AHA) have been tested in batch experiments to 
strip Np and Pu from TBP solvent loaded with U.  
A phenomenological model was developed and with the help of this model, a flowsheet of a counter-current 
alpha barrier process was designed and tested in C17 glove boxes in ATALANTE facility. A decontamination 
factor DFU/Np of 480 was obtained, higher than DFU/Np required by UNIREP standards.   
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1. Introduction 
In the PUREX process, the first U-Pu purification cycle (1CUPu) is not efficient enough for the 
decontamination of uranium flow out of neptunium. Uranium is efficiently separated from plutonium, at 1 CUPu, 
by the introduction of U(IV) which reduced Pu(IV) in inextractable Pu(III). In nitric acid, three oxidation states of 
neptunium may co exist (IV), (V) and (VI), each with different chemical behavior. After U/Pu separation with 
U(IV), all neptunium is reduced in Np(IV) and is extracted along with U.  
An improvement of the decontamination of uranium in 1 CUPu needs efficient control of neptunium and 
different options for Np routing could be proposed to decontaminate uranium flow in neptunium. Uranium 
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specifications after 2 CU, needs additional purification of uranium after U/Pu separation in 1 CUPu and 
decontamination factor of uranium from neptunium with alpha barrier must be higher than 300 to respect 
UNIREP standards for UOX3 fuels. 
In this context, silicotungstates (SiWO) known for their strong complexing power for actinides(IV) were 
tested at CEA in 2004 [1] [2]. Alpha active run with centrifugal extractors showed a decontamination factor 
(DFNp) of 220 in 2 stages. However management of this ligand in a plant is difficult.  
Hydroxamic acids are organic ligands of general formula R-CONHOH which have chelating and redox 
properties [3] [4]. Stability constants of actinide-hydroxamates complexes increase in the order U(VI) < U(IV) < 
Np(IV) < Pu(IV) [3]. AHA also reduces Pu(IV) to Pu(III) and Np(VI) to Np(V) but reduction of Np(V) to Np(IV) 
and U(VI) to U(IV) is not expected. Small organic blackbone leads to low solubility in organic medium and it has 
been shown that simple hydroxamates such as acetohydroxamic acid (AHA) or formohydroxamic acid (FHA) 
forms strong hydrophilic complexes with Pu(IV) and Np(IV) and leads to very low distribution coefficients in the 
HNO3-TBP system of PUREX process [5]. 
This paper presents the potential use of acetohydroxamic acid as chelating ligand in additional alpha barrier, 
after U/Pu separation, to complete stripping of neptunium and plutonium from the organic flow. A parametric 
study was carried out to optimize the operating conditions. Then a phenomenological model was developed with 
experimental results to design a flowsheet of a counter-current process. This flowsheet was tested in C17 glove 
boxes in ATALANTE facility to prove the feasability of an alpha barrier process with mixer settlers.  
2. Parametric studies 
2.1. Preparation of solutions and distribution ratio measurements 
All the reagents are analytical grade. Aqueous phase is prepared by mixing concentrated solutions of nitric 
acid, AHA ligand and uranyle nitrate in order to have a solution equilibrated in uranium and acidity with the 
organic phase. Organic solution before contact is prepared by mixing three concentrated solutions of U(VI), 
Np(IV) and Pu(IV) in 30%TBP/TPH. In order to improve the limits of detection of neptunium in organic phase, 
initial aqueous solution concentrated with neptunium was spiked with 239Np. 
Distribution ratios were measured by batch experiments to evaluate the efficiency of Np and Pu stripping from 
organic solutions in 30% TBP/TPH, with high concentrations of U(VI) and low concentrations of Np and Pu. 
Equal volumes of aqueous and organic solutions were vigourously shaked to obtain a good emulsion, during 30 
minutes for distribution measurements, or stirred by rotating pale in thermostated cell for kinetic studies. The two 
phases were characterized by different techniques : Np by gamma spectrometry, Pu by alpha spectrometry, U by 
X-ray fluorescence and acidity in aqueous phase by titration in oxalate medium. For a given operation, 
decontamination factor of Np (DFNp/U) or Pu (DFPu/U) versus uranium is the ratio of concentrations of U 
versus Np ou Pu concentrations in output flow on initial flow. In this paper, we consider in first approximation 
only a simplified formula with the ratio of concentrations of cation in organic phase before and after contact 
designed as DFNp and DFPu. 
2.2. Equilibrium and kinetic study 
First, decontamination factors of Np and Pu were measured at different concentrations of nitric acid and AHA. 
Organic solutions of 30% TBP / TPH with 75 g/L U(VI) – 100 mg/L Np(IV) – 10 mg/L Pu(IV) were contacted 
with nitric acid solutions (0.2 to 2.5 M HNO3) and concentration of AHA varying until 1 M. DF values confirm 
that DFNp and DFPu increase as AHA concentration increases and that DFNp < DFPu because complexation 
constant is higher (ȕPu(IV)-AHA > ȕNp(IV)-AHA [3]) and that AHA reduces Pu(IV) in Pu(III), inextractable by 
TBP, and not Np(IV). The measured values of DNp are similar than those obtained in similar conditions [5]. 
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Complexing power of AHA increases as nitric acidity decreases because concentration of free ligand is higher 
and it was confirmed that at low HNO3 concentrations and high AHA concentration, Np and Pu can be stripped 
in the aqueous phase, even with high concentrations of uranium. After a single contact, DFNp and DFPu values 
higher than 85 have been obtained at 0.2 HNO3 with [AHA] > 0.15 M  and DFNp values of 25 were obtained at 
2.5 M HNO3 with AHA which allows uranium scrubbing without neptunium extraction (table 1). 
 
Table 1 : Summary of the stripping tests of Np and Pu from a loaded solvent with U(VI), Pu(IV), Np(IV) with increasing HNO3 and AHA 
[HNO3]
(M) 
[AHA] 
(M) 
D 237Np DF 237Np D   239Np DF 239Np D Pu DF Pu 
0.2 0.3 0.0038 330 - - 0.00024 3413 
0.5 0.3 0.013 72 0.0083 98 0.008 93 
1 0.3 - - 0.011 92 0.022 45 
1.5 0.3 0.033 33 0.017 50 0.017 54 
2 0.3 0.029 32 0.031 34 0.042 23 
2.5 0.3 0.054 24 0.039 25 0.040 25 
0.5 1 0.012 86 0.007 131 0.001 192 
1 1 - - 0.003 264 0.0066 132 
1.5 1 - - 0.006 136 0.0192 45 
2.0 1 - - 0.011 79 0.0175 54 
2.5 1 0.009 100 0.012 55 0.0232 36 
 
The influence of addition of U(IV) and HDBP, on Np and Pu decontamination factors was studied. HDBP 
(main degradation product of TBP) forms strong complexes with Pu(IV) and Np(IV) in organic phase and 
concentrations in the range of 50 to 100 mg/L were tested. U(IV) is the reducing reagent used for U/Pu separation 
and it is important to verify that U(IV) extracted in the loaded solvent coming from the partition is not in 
competition with Np(IV) and Pu(IV) because of its affinity with AHA. Organic solutions of 30% TBP / TPH 
with 75 g/L U(VI) – 70 mg/L Np(IV) – 10 mg/L Np(IV) – 1 à 7 g/L d’U(IV) – 50 mg/L d’HDBP was contacted 
with aqueous solution containing 0.3 M AHA and 0.2 M HNO3 and U(VI) in equilibrium with organic phase. 
The solutions were mixed in a thermostated cell with a motorized paddle stirrer and A/O ratio of 1 in organic 
continuous phase. With initial concentration of 1 g/L of U(IV) in the organic phase, DFNp of more than 300 was 
measured with 239Np just one minute after the beginning of stirring contact. Stripping of neptunium was very fast 
even in presence of 50 mg/L of HDBP. With higher concentration of U(IV) in the organic phase (7 g/L), 
decontamination factors  are lower (DFNp about 200) because concentration of free ligand decreases by 
complexation of U(IV).   
These results were used for the modelling of AHA complexation and allow the optimization of the aqueous 
composition : [AHA] = 0.3 M and  [HNO3] = 0.2 M.  
3. Modelling and flowsheeting 
AHA behaviour was modelled by taking into account complexation reactions with Np(IV) in aqueous phase. 
The behaviour of Pu(IV) was not modelled as required decontamination factor is higher with Np(IV) than with 
Pu. The considered reactions are reported below: 
32,1)()()( oriiHNpAHAiAHAHIVNp ii  
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AHA is a weak acid and is supposed to be completely protonated. The apparent constants i were determined 
according optimization procedure computed in Scilab© calculation software. The aim of this algorithm is to 
minimize the root mean square deviation between experimental and calculated distribution ratio. The distribution 
ratio of Np(IV) is calculated according to the following equation: 
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Where [H+], [AHA] and [Np(IV)]free correspond to free acid, AHA and Np(IV) concentrations in aqueous 
phase. The first one can be measured and the others are calculated by solving mass balances on the aqueous 
phase. 0 )( IVNpD corresponds to distribution ratio of neptunium(IV) with TBP and without complexing agent AHA. 
It can be calculated by the PAREX code [6] developed by the CEA to simulate PUREX operations. 
The optimization was performed by taking into account the data determined by Taylor [5] and former 
parametric studies. With the help of these data, AHA behaviour can be modelled on a wide range of acidity. This 
is important as the acidities foreseen for this flowsheet can vary from 0.2 to 4.5M. Uranium influence is taken 
into account through the parameter 0 )( IVNpD . The optimization showed that the first complex (i=1) is sufficient to 
represent AHA behaviour and its apparent formation constant was estimated to be 77.5. 
This model was implemented into the PAREX code to elaborate a flowsheet to demonstrate alpha 
decontamination at laboratory scale. This code is used to model PUREX operations and is able to calculate 
distribution ratio of other elements with TBP. The calculated flowsheet is composed of 3 steps: neptunium 
stripping by complexation with AHA (5 stages), uranium scrubbing at a higher acidity (3 stages) and uranium 
stripping at a low acidity to produce an aqueous flow of decontaminated uranium (8 stages). Experimental and 
calculated values were in good agreement (table 2). Neptunium distribution ratio is generally over estimated 
which is conservative for the flowsheet performances and the experimental test should show better 
decontamination factors as foreseen. 
 
Table 2 : Comparison between experimental and calculated distribution ratio of neptunium 
Step Acidity (M) 
AHA concentration 
(M) 
exp
Np(IV)D  
calc
Np(IV)D  
Uranium 
concentration (g/L) Reference 
Np 
stripping 0.2 0.3 0.003 0.005 ~ 70 Bernier 
U 
scrubbing 
2.6 0.2 0.36 0.5 0 Taylor [3] 
3 0.2 // 0.6 Trace amount // 
4.3 0.2 1.34 1.2 0 Taylor [3] 
 
4. Process devices and analytical meausurements 
The flowsheet implemented in a glove box of the C17 laboratory of ATALANTE facility is depicted in 
Figure 1. It consisted of two PMMA lab-scale mixer-settler batteries. Stainless steel perforated paddle impellers 
were used for mixing with rotation speeds set between 2500 and 2700 tr/min. Interphases in settler compartments 
were adjusted thanks to Teflon slides located on aqueous phase weirs. U stripping battery is equipped with a 
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specific system to heat the solutions up to 40°C. Aqueous inactive reagents are introduced thanks to rotary piston 
pumps located outside the confinement barrier whereas the solvent is stored in the glove box. All the flow rates 
are controlled by Coriolis mass flowmeter (Quantim®) or by mass evolution measurements of the reagent’s flask. 
All the instrumentation is handled thanks to a Labview® specific supervision application.  
Spectrophotometric probe (aqueous phase)
Spectrophotometric probe (organic phase)
TBP 30 %
BX8
1 3 4 8 1 8
25°C
BS2 BX4 BX6 CX1
Np(IV)
40°C
U stripping
CP
AP
HNO3
BS
BS'
Np strippingU scrubbing
U(VI)
U(IV)
Pu(IV)
BXX
AHA in HNO3
HDBP
TBP 30%
BW
Np, Pu
CX
HNO3U(VI)
 
Fig. 1. Flowsheet implemented in a glove box of C17 laboratory of ATALANTE facility 
On-line and in situ UV-visible spectrophotometric measurements were implemented to measure uranium 
concentrations in the aqueous and organic phases through the test. Samplings were also performed during the test 
to analyse U, Pu, Np and H+ concentrations in the aqueous outputs. At the end of the test, organic and aqueous 
phases were analysed by gamma counting and alpha spectrometry. 
The feed surrogate organic solution was first prepared by contact between 30%TBP/TPH solvent with 
uranium(VI), plutonium(IV) and neptunium(IV) (spiked with 239Np) nitric solution. HDBP (main degradation 
product of TBP) was also added and, just before the experiment start, uranium(IV) nitric solution was contacted 
with the organic solution. Concentrations of these components were fixed so as to be representative of industrial 
conditions. 
5. Experimental results 
 During the first five hours, all flow rates were doubled in order to accelerate the equilibrium 
achievement. In spite of electric problems which led to the information loss during 45 minutes at the beginning of 
the experiment, the global measurement allows to show that the steady state was reached for uranium. X-hybrid 
absorption analysis on uranium stripping battery output samples shows a good reliability of the on-line and in situ 
UV-visible spectrophotometry technique.  
Neptunium profiles at the end of the test are illustrated in Fig. 2 as this actinide was analysed by alpha and 
gamma spectrometry in the neptunium stripping and uranium scrubbing battery. From these result, it could be 
concluded that DFNp values are higher than expected. Decontamination of Np is very efficient in Np stripping 
however too high nitric acidity and flow of the organic feed solution generate accumulation of Np in uranium 
scrubbing step. 
The decontamination factors obtained during this counter-current test are high : > 480 for Np, > 850 for 239Np, 
> 131 for Pu. The mass balances show that equilibrium was not reached at the end of the test. The accumulation 
of neptunium was considerable and the necessary time to build this accumulation and reach the equilibrium was 
long. However, the obtained decontamination factors are sufficient to achieve UNIREP standard (DFNp > 318 and 
DFPu > 7.2 for UOX3 fuel). 
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Fig. 2. Neptunium profiles (determined by alpha and gamma spectrometry) in organic and aqueous phases of the neptunium backwashing + 
uranium extraction battery 
6. Conclusions 
Acetohydroxamic acid is a very effective reagent for the decontamination of uranium flow out of neptunium 
and plutonium. This salt free ligand forms strong complexes with Np(IV) and Pu(IV), soluble in aqueous phase, 
even in the presence of high concentrations of U(VI). Parametric studies allow the optimization of ligand 
concentration and nitric acidity of aqueous phase for better decontamination factors. The influence of HDBP and 
U(IV) on the decontamination factors were evaluated with Np spiked with 239Np. The implementation of a 
numerical model into the PAREX code allows the elaboration of a flowsheet in order to demonstrate alpha 
decontamination in C17 glove boxes of ATALANTE facility. The stability of uranium concentration during this 
test indicates the equilibrium achievement. A decontamination factor DFU/Np of 480 was obtained with alpha 
barrier with AHA, higher than DFU/Np required by UNIREP standards. Relatively to silicotungstates, AHA have 
many advantages : high decontamination factors at room temperature, salt free molecule and easier management 
in the process, useless of preliminary oxidation of U(IV).   
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